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Introduction
In the mixing, a pure flavor state of D 0 orD 0 at its production vertex (at time t=0) becomes a mixture of both D 0 andD 0 in moments later. Time evolution of the neutral D system is described by a non-hermitian Hamiltonian, and its eigenstates D H,L = p D 0 ± q D 0 , are known as mass eigenstates. As evident, the mass eigenstates are a mixture of the flavor eigen states, which causes mixing. This mixing can proceeds either via a short-distance effect involving virtual quarks and W boson, or through a long-distance contribution that involves real kaons or pions in the intermediate state.
The phenomenology of mixing is described by two parameters, (SM), mixing and CP violation in the charm sector are expected to be very small [2, 3, 4] , and thus they constitute a sensitive probe for potential new physics (NP) contributions.
Belle Detector
The dataset used in these analyses is recorded with the Belle detector at or near various Υ(nS ) (n=1,2,3,4,5) resonances. The Belle detector [5] is a general-purpose, large-solid-angle magnetic spectrometer placed around an interaction point (IP) of the KEKB e + e − asymmetricenergy collider. It is composed of a tracking system comprising a silicon vertex detector (SVD) and a 50-layer central drift chamber (CDC), a particle identification (PID) system consisting of an array of aerogel Cherenkov counters (ACC) and time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter made out of CsI(Tl) crystals. All these components are located inside a 1.5 T magnetic field provided by a superconducting magnet. Resistive plate chambers equip the iron flux-return of the magnet, placed at the outermost part of the detector, to identify K L mesons and muons (KLM).
Experimental Method
We select D 0 candidates coming from the decay
, where π + s denotes the low-momentum ("slow") pion. The charge of this slow pion actually reveals the flavor content of neutral D meson (whether it is a D 0 or aD 0 ) at its production vertex [6] . A stringent selection criterion is applied on the momentum of the D * + candidate in the e + e − center-of-mass frame, p * (D * ), to suppress D * + 's coming from B decays as well as to reduces the combinatorial background.
The D 0 proper decay time is calculated as t = m D 0 L. p/|p| 2 , where m D 0 is the invariant mass, L is the vector joining the production and decay vertex, and p is the momentum of the D 0 candidate, respectively. The proper decay time distribution is parametrized as a convolution of an exponential and a resolution function, R, which models the lifetime resolution of the detector. The resolution function, described as a sum of several Gaussian functions, is determined from simulated data samples with some parameters directly coming from the real data.
Charged track candidates are selected by applying requirements on the impact parameters |dz| and dr, defined as the distance of closest approach with respect to the IP along the axis of the detector and in the plane perpendicular to it. Later they are identified as kaons or pions based on a likelihood ratio,
is the likelihood of a track being a kaon (pion) [7] . Similarly
is the likelihood of a charged track being a pion.
This study is performed using a 976 fb −1 data sample and reports the first observation of D 0 -D 0 mixing from an e + e − collider [8] . We define D 0 → K + π − as the wrong-sign (WS) decay while D 0 → K − π + as the right-sign (RS) process, and measure the ratio of their time-dependent decay to study the mixing phenomenon. The RS amplitude is a sum of the cabibbo-favored (CF) amplitude and a negligibly small contribution from the process of D 0 -D 0 mixing followed a doubly cabibbo suppressed (DCS) decay. On the other hand, the WS process is contributed by two comparable amplitudes of a DCS decay and the D 0 -D 0 mixing followed by a CF decay. Assuming CP conservation and mixing parameters to be small (|x|, |y| 1), the ratio of the WS to RS decay rates, R(t/τ), is given by
where,t is the true proper decay time, R D is the ratio of the DCS to CF decay rate, and τ is the D 0 lifetime. x and y are related to the mixing parameters x and y as, x = x cos δ + y sin δ, and y = y cos δ − x sin δ, where δ is the strong phase difference between the DCS and CF decay.
The phenomenon of mixing can be measured by using Eq. (1) only when the measured proper decay time is approximately equal to the true proper decay time. This condition is hardly satisfied in e + e − B-factories due to a relatively poorer lifetime resolution achieved. Instead, we measure the time-dependent ratio of the WS to RS decay rates as:
where t is the measured proper decay time and R is the resolution function of the true proper decay time.
We require the charged tracks to originate from the IP with dr < 2 cm, |dz| < 4 cm, and to have a transverse momentum greater than 100 MeV/c. The observable p * (D * ) is constrained to be greater than 2.5, 2.6, and 3.0 GeV/c for the data collected below, at, and above the Υ(4S ) resonance, respectively. We select K with P K > 0.4, π with P K < 0.7, π s candidate with P K < 0.9, and the Kπ invariant mass, M(Kπ), within ±20 MeV/c 2 of the nominal D 0 mass [17] . The misidentification of RS decays as WS processes and vice versa are eliminated by applying stringent selections, P K > 0.99 for K and P K < 0.01 for π, and M(Kπ) lies within ±25 MeV/c 2 of the known D 0 mass [17] . With these requirements we obtained 2980710±1885 RS and 11478±177 WS signal candidates. We divide the whole data sample into ten bins of proper decay time, and calculate the WS to RS decayrate ratio as shown in Fig. 1 . This time-dependent ratio is fitted with two hypotheses, with and without mixing, and the results are listed in Table 1 .
In conclusion, we report the first observation of D 0 -D 0 mixing in e + e − collisions with mixing parameters x 2 = (0.09 ± 0.22) × 10 −3 and y = (4.6 ± 3.4) × 10 −3 . The no mixing hypothesis is excluded at the 5.1 standard deviation (σ) level.
Time-dependent Dalitz Analysis of
In this study, we perform a simultaneous measurement of D 0 -D 0 mixing and CP violation through a time-dependent Dalitz plot (DP) analysis of the selfconjugate decay
This is a unique mode with which one can directly determine x and y by studying the distribution of events across the DP as a function of the proper decay time. The results are based on a 921 fb −1 of data sample collected with the Belle detector [9] .
Assuming the CP symmetry, decay rate for
, with an amplitude A f (Af ), is given as:
The decay rates are exponential in the D 0 lifetime, τ D 0 = 1/Γ, and are modulated by the mixing parameters x and y. The mixing parameters can be extracted from an unbinned maximum likelihood fit of these decay rates to the DP distribution as a function the D 0 decay time.
The D 0 candidate is reconstructed by combining a K For the ππ S-wave we use the K-matrix formalism [10] while for the Kπ S-wave we adopt the LASS model [11] .
A time integrated fit to DP is performed separately for D 0 andD 0 and allows to assume thatĀ f is equal to A f . In subsequent fit we assume CP is conserved, keep the mixing parameters x, y and D 0 lifetime, τ, are free. We obtain mixing parameters x = (0.56 ± 0.19)%, y = (0.30 ± 0.15)% and τ = (410.3 ± 0.6) fs. We perform a CPV search by performing fit while CPV parameters |q/p| and arg(q/p) are free in addition to the mixing parameters and lifetime. The values of mixing parameters obtained are identical to the CP-conserved case, and the CPV parameters are |q/p| = 0.90
−0.15 and arg(q/p) = (−6 ± 11)
• , consistent with no CP violation.
Time-integrated CP asymmetry in
Even though mixing has been observed in charm sector, evidence for the CP violation is not reported yet. SM expectation of CP violation is of the order of 0.1%. In 2012, LHCb [12] and CDF [13] have measured a large CP asymmetry difference between [15] . In this study we measure time-integrated CP asymmetry in D 0 → π 0 π 0 and update the existing measurement for D 0 → K 0 S π 0 , using a data sample of integrated luminosity 966 fb −1 [16] . A reconstruction asymmetry is measured
where N rec is the number of reconstructed signal events. 
The A CP is independent of any kinematic variable while A FB is an odd function of cosine of θ * . The A CP and A FB are therefore extracted by dividing the data samples into ten bins of cos θ * and later by adding or subtracting A cor rec values belonging to the bins with same value of | cos θ * |.
and
The K 0 S candidates are reconstructed from two oppositely charged pions with an invariant mass lying within 9 MeV/c 2 of nominal K 0 S mass [17] , and π 0 's are reconstructed from two γ's where the invariant mass lies within 25 MeV/c 2 of π 0 mass [17] . The K (7) and (8) 
Conclusion
In conclusion, we report the first observation of D 0 -D 0 mixing in e + e − collision by measuring a timedependent ratio of WS to RS decay rates and the no mixing hypothesis is excluded at 5.1σ level. A timedependent DP analysis is performed for D 0 → K 0 S π + π − , the measurement of mixing is updated with a significance of 2.5σ away from no-mixing point, and no evidence for CP violation is observed. We report a significantly improved measurement of time integrated CP violating asymmetry in D 0 → π 0 π 0 and the result is consistent with no CP violation. Also we report an updated measurement of CP asymmetry in D 0 → K S π 0 decays.
